Abstract. The location of magnetic reconnection in the midtail during a substorm was studied in many researches. Here we present multi-point THEMIS observations of a reconnection event in the near-Earth magnetotail during substorm. In this event, THEMIS probes stayed in the near-Earth and midtail region aligning along the magnetotail. This allows reconnection evolution to be probed simultaneously from about −10 R E to −23 R E down tail. The Hall current related electron streams were observed at the same time by two probes far away from the reconnection site. Before near-Earth reconnection involved the tail lobe magnetic field, the reconnection site was restricted in earthward −23 R E . When reconnection involved into the tail lobe region, the reconnection site started to retreat gradually.
Introduction
Magnetic reconnection is a physical process which not only produces a change in magnetic field topology, but also converts magnetic field energy into particle kinetic and thermal energies. Magnetic reconnection plays an essential role in various aspects of the formation and dynamics of the Earth's magnetosphere (e.g. Dungey, 1961) , especially in substorm physics. Near-Earth neutral line (NENL) model of substorm (McPherron et al., 1973; Baker et al., 1996) is the most principal candidate to interpret the substorm evolution. In the NENL model, a neutral line is formed and the magnetic reconnection occurs in association with a substorm. This causes the formations of the tailward moving plasmoids and the earthward bursty bulk flows (BBFs) which transport magnetic flux, mass and energy at a high speed.
The location of the X-line in the magnetotail is crucial for understanding the substorm process and mechanism. One way to determine the location of the reconnection is the statistical study of the spatial distribution of fast earthward and tailward convection flows, which tend to be accompanied by northward and southward B z components, respectively. The study of Geotail data by Nagai et al. (1998a) shows that magnetic reconnections during substorm onsets most frequently take place on the dusk side of the magnetotail at radial distances of 20-30 R E . Subsequent studies (e.g. Baumjohann et al., 1999) have also concluded that magnetic reconnection occurs mostly beyond 20 R E for substorm onsets . This result is consistent with those obtained from the spacecraft ISEE 1, ISEE 2 and AMPTE/IRM (e.g. Cattell and Mozer, 1984; Baumjohann et al., 1988 Baumjohann et al., , 1989 Baumjohann et al., , 1990 Baumjohann et al., , 1991 . Recently, Miyashita et al. (2009) statistically analysed the plasma flow and magnetic field in the magnetotail related to substorms and found that the magnetic reconnection first occurs in the pre-midnight tail, on average, at X ∼ −16 to −20 R E before auroral onset. Then the plasmoid substantially evolves tailward of X ∼ −20 R E immediately after onset. Further study showed that the location of the reconnection is highly dependent on the solar wind condition Nagai, 2006) . The X-line is closer to the Earth under strong solar wind conditions, and it tends to be located closer to the Earth in more intense substorms (Miyashita et al., 2004) . With the Vela satellite's exploration, Hones et al. (1973) concluded that the magnetic reconnection starts near X ∼ −17 R E . In some cases the magnetic reconnection can occur at X ∼ −13 R E (Baker et al., 1996) . Recently, Miyashita et al. (2005) also reported that the magnetic reconnection occurred earthward of X ∼ −8.6 R E , associated with very intense substorms during the 30 October 2003 superstorm. In addition, many magnetic reconnection events were observed inside −19 R E by Cluster, whose apogee is at X ∼ −19 R E (e.g. Baker et al., 2002; Runov et al., 2003a, b; Slavin et al., 2005; Wang et al., 2010a, b) . Du et al. (2011a) also observed reconnection related fast tailward flows inside −17.6 R E by using THEMIS data.
Another important detectable signature of magnetic reconnection is the Hall current electrons. It has been suggested that along the lobe/plasma sheet boundary one can observe the outer portion of the current loop in the form of lowenergy field-aligned electrons flowing toward the diffusion region along the 4 separatrices (e.g. Fujimoto et al., 1997 Fujimoto et al., , 2001 Hoshino et al., 2001; Nagai et al., 2001; Øieroset et al., 2001; Owen et al., 2005; Alexeev et al., 2005; Wang et al., 2010a) . On the same field lines, higher energy electrons have also been reported to be directed away from the diffusion region Nagai et al., 2001; Wang et al., 2010a) . Such a configuration has also been confirmed by Lu et al. (2010) who showed that the electron density depletions formed along the separatrices are outside the peaks of the out-of-plane magnetic field.
The magnetic reconnection site does not remain at the same place. It retreats tailward in the late expansion or recovery phase of the substorm (Forbes et al., 1981; Angelopoulos et al., 1996) , as predicted by the near-Earth neutral line (NENL) model (Hones, 1976) . Hence, the magnetic reconnections and resultant plasmoids can be observed more frequently at larger distances down the tail (Ieda et al., 1998; Ueno et al., 1999) . Nagata et al. (2006) also studied the tailward retreat of the reconnection site and estimated the retreat speed at about 250 km s −1 .
Here, we present a THEMIS observation of retreat of magnetic reconnection in the magnetotail from inside −16 R E to outside −23 R E during a substorm expansion phase. In Sect. 2, we give coordinated observations of magnetic reconnection made by two satellites in the mid-tail, along with substorm phenomena in the ionosphere and interplanetary magnetic field information. In Sect. 3, we discuss in detail the phenomena observed and the possible underlying physics. Section 4 is a brief summary.
Observations
In this paper, we used THEMIS data from the Fluxgate Magnetometer (FGM) instrument , Solid State Telescope (SST) instrument which measures 25-50 keV particles and Electro-Static Analyser (ESA) instrument which measures 0 ∼ 25 keV particles on the THEMIS probes. Magnetic field measurements from 109 ground-based stations at magnetic latitudes higher than 40 • were used to estimate the polar cap magnetic flux, psi, by employing the MIT2 technique (Mishin et al., 2001) . Global imaging of the auroral behaviour was made by the Polar UVI instrument (Torr et al., 1995) . The THEMIS AL index was used to indicate the electro jet in the high latitude ionosphere . The THEMIS AL index was calculated from THEMIS ground-based observatories at high latitude. From 06:30 UT to 08:30 UT, most of these ground-based observatories were located in the night side. The THEMIS AL index could be a better agency of auroral electro jet (Wang et al., 2009 ). In addition, OMNI data were used to provide the interplanetary magnetic field (IMF) information.
POLAR UVI observed a substorm aurora breakup at about 07:02 UT followed by an expansion onset at ∼07:22 UT on 9 January 2008. Figure 1 shows POLAR UVI keograms from 06:41 UT to 08:28 UT. The upper panel is aurora intensity variation (integrated from −60 • to −75 • MLAT) along with universal time (UT) at different magnetic local time (MLT) in the night side, and the lower panel is aurora intensity change (integrated from 18:00 MLT to 06:00 MLT) with UT
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and magnetic latitude (MLAT). Before 06:59 UT, there was no aurora activity, but it appeared after 07:02 UT. The intense aurora extended from −63 • MLAT to −68 • MLAT at the beginning and then expanded both equatorward and poleward. Although there is a data gap between 06:59 UT and 07:02 UT, the aurora might breakup during the interval of the data gap (at 07:02 UT, the magnetic field started to fluctuate with transient earthward flow in the near-Earth magneto-tail at P3, which confirm that the first onset took place at about 07:02 UT), which travelled westward and slightly poleward. At about 07:22 UT, another breakup appeared at 01:00 MLT. The second breakup was followed by globally aurora poleward/equatorward expansion along with westward travelling of the aurora bulge. The substorm aurora extended poleward to −75 • MLAT at ∼07:39 UT and after ∼07:50 UT the aurora faded gradually. ] R E in Geomagnetic Solar Magnetospheric (GSM) coordinate system, respectively. Throughout the paper, we use the GSM coordinate system for all the THEMIS data. The magnetic field B z component from THC (P2) fluctuated within ±2 nT before 07:20 UT, whereas B z from THB (P1) always kept negative (∼ −2 nT). At 07:20 UT the B z component from both P2 and P1 simultaneously decreased (in Fig. 2d and 2e ) and the psi also started to drop. This indicates that the tail lobe reconnection took place somewhere earthward of these two probes, i.e. inside 16.5 R E (Cao et al., 2008) . From 07:20 UT, the total pressure (in Fig. 2f ) from P2 and P1 started to decrease slowly while from P3 it began increasing from about 0.3 nPa to 0.4 nPa. The decrease in total pressure at P2 lasted for ∼9 min from 0.13 nPa to 0.07 nPa. After 07:29 UT (marked by the cyan vertical dashed line), when P2 entered into the earthward side of the outflow region of reconnection site, the total pressure kept almost constant until 08:08 UT. Meanwhile, the total pressure at P1, which was located about 7 R E down tail to P2, was still decreasing. After 07:47 UT (indicated by the black vertical dashed line), when P1 entered into earthward side of the outflow region as well, the total pressure at P1 location reached its minimum value of 0.05 nPa and started to increase slowly. It is worth pointing out that P1 observed northward turning of B z at ∼07:43 UT, which indicated that P1 was already at the earthward side of reconnection X-line. At that time, P1 was still in the inflow region. At ∼07:47 UT, P1 observed earthward flow and met with reconnection separatrices (see Fig. 4 for detail) and then entered into the earthward side outflow region of the reconnection site. Figure 3 shows detailed observations from probe P2 at X ∼ −16.5 R E with the same time period as Fig. 2 . From top to bottom in Fig. 3a is the ion spectra with an energy range from 10 eV to 50 keV, the magnetic field and the ion bulk velocity. Figure 3b and c gives the energy flux spectra of electrons along (0 • ), opposite (180 • ) and perpendicular (90 • ) to the magnetic field for the times marked by the cyan vertical dashed lines in Fig. 3a . Before substorm onset (07:20 UT), the magnetic field B x component from P2 changed from −5 nT to −15 nT while B z was relatively weak between −1 nT and 2 nT. An earthward plasma flow (V x ∼ 210 km s −1 ) was observed and B z changed from negative (−2 nT) to positive (3 nT) during the interval of 06:58 ∼ 07:03 UT.
It is important to note that B z from P2 mainly kept negative during the interval of 07:03 ∼ 07:20 UT. After 07:20 UT, B z varied quickly from almost 0 nT to −4 nT, and then back to 0 nT at about 07:26 UT. The tailward flow (V x ∼ −100 km s −1 ) was observed in accompany with the quick decrease of B z . Just when B z reached its minimum value of −4 nT at ∼07:22 UT, ESA detected an electron bi-directional anisotropy (3 s integration on electron 3-D velocity distribution) from 07:22:31 UT to 07:23:19 UT as shown in Fig. 3b . The electrons in the energy band of 150 eV to 2 keV were streaming around 180 • pitch angle, i.e. approximately earthward, while 2 keV to 10 keV electrons were streaming around 0 • pitch angle, i.e. almost tailward. Such electron streaming is a signature of reconnection due to the Hall current system, suggesting that reconnection had started near the earthward side of P2 and P2 encountered the tailward side separatrices in the Southern Hemisphere (Nagai et al., 1998b) .
From 07:25 UT to 07:29 UT, P2 entered in low density lobe region (though density is not shown in this paper, one still can see this from ion spectra in Fig. 3a) . We infer this as the inflow region of the reconnection site.
After 07:29 UT, an earthward flow burst was observed by P2 (Fig. 3a) . The flow burst has a peak value of 285 km s −1 in V x component and was accompanied by large amplitude magnetic field fluctuations. |B x | decreased from about 17 nT to 5 nT, and B z jumped from 0 nT to 9 nT. At about 07:29 UT, P2 observed the electron bi-directional anisotropy signature (Fig. 3c) . It is interesting that the 2 keV to 10 keV electrons were streaming around 180 • pitch angle, whereas the 150 eV to 2 keV electrons were streaming around 0 • pitch angle. The electron bi-directional anisotropy signature from (Fig. 3c ) was opposite to that from 07:22:31 UT to 07:23:19 UT (Fig. 3b) . Figure 4 shows the plasma and magnetic field observed by P1. The format of Fig. 4 is identical to that of Fig. 3 . B z from P1 was negative (∼ −2 nT) before 07:40 UT. A tailward flow (V x ∼ 50 km s −1 ) was observed at 07:08 UT. From 07:19 UT to 07:22 UT, a noticeable decrease of B z manifested a travelling compression region (TCR) related to a tailward moving plasmoid. It is noted that the tailward flow maintained about 15 min from 07:08 UT to 07:23 UT. During the interval of 07:24 ∼ 07:46 UT, the much low energy flux of the ions above 1 keV indicated that P1 was located outside the plasma sheet. From 07:22:31 UT to 07:23:07 UT and from 07:47:02 UT to 07:47:17 UT, the electron bi-directional anisotropy was observed by P1. At a magnetic reconnection site, the high energy (>1 keV) electron jet will be observed flowing out from X-line along the separatrices, while low energy electron (<1 keV) is expected to direct toward X-line. This kind of electron bi-directional anisotropy was observed by P1 at both sides of the reconnection site in the Southern Hemisphere.
The about 07:22 UT, P1 observed the same signature. The only difference between these two data is that the energy of flux peak value along the magnetic field (0 • pitch angle) at P1 was not more than 2 keV while it was 4 keV at P2, indicating the probability of existence of some energy dissipation between the two probes. Note that P1 was located far from the reconnection X-line, the data presented in Fig. 4b just marked the P1 crossing of extended line of reconnection separatrices. Once P1 entered into the inflow region in the Southern Hemisphere, it shows that the magnetic field B z component increased smoothly from −5 nT to 5 nT. It took a much longer time for P1 to stretch over the inflow region than P2, since it was farther from neutral sheet to P1 than to P2. At about 07:47 UT (Fig. 4c) , 18 min after P2 entered into the earthward side of the outflow region, P1 captured the same signature of electron bi-directional anisotropy as seen by P2. This electron bi-directional anisotropy was accompanied by an earthward flow burst. It is quite clear that the peak value of energy flux recorded by P1 was lower than that recorded by P2.
Discussions
In this paper, we have shown that a magnetic reconnection was observed simultaneously at 16.5 R E and 23.3 R E . The reconnection site started to retreat tailward when IMF turned northward and psi began to drop. From the middle panel of Fig. 3a , we can see that the B y component of the magnetic field from the P2 probe reached its positive peak value of 5 nT several minutes before the P2 encountered the tailward side separatrices in the Southern Hemisphere (at ∼07:22 UT). Then B y turned to negative a few minutes after P2 crossed the earthward side separatrices in the Southern Hemisphere. It is consistent with the physical picture of the Hall current system of the reconnection ion diffusion region when P2 passed by a magnetic reconnection site from the tailward outflow region to the earthward outflow region. Meanwhile, P1 observed almost the same variation in the B y component of magnetic field as P2 with longer duration from about 07:20 UT to 07:51 UT (Fig. 4a) . Due to the large distance between P2 and P1 (almost 7 R E in the X-direction), we infer this Hall structure like variation in B y component observed by P1 as the effect of field aligned currents along the separatrices acting to close the Hall currents mapping through the ion diffusion region far away from P1.
Both P1 and P2 observed the electron bi-directional anisotropy during the interval from 07:22:31 to 07:23:07 UT. Owen et al. (2005) suggested that the electron beams which appeared on the outermost plasma sheet boundary layer (PSBL) may be a remote observation of electrons closing the Hall current system in an ion diffusion region located far away from reconnection X-line. Our observations lead to a clear process that high energy (>1 keV) electrons left the reconnection site along separatrices at a very high speed and almost simultaneously recorded by two satellites separated by 7 R E along the separatrices. The only difference between the signatures at the two probes is that the energy of peak energy flux along the magnetic field line (0 • pitch angle) at P1 probe appeared around 1.7 keV, while it appeared around 4 keV at P2 probe. This indicates P2 detected higher energy electrons ejecting from the magnetic reconnection Xline than that observed by P1 7 R E far away down tail. Manapat et al. (2006) statistically studied the field-aligned electrons at the lobe/plasma sheet boundary in the mid-to-distant magnetotail and their association with reconnection. They found that in 98 % of the electron beam cases the low-energy electrons are directed toward and the higher energy electrons directed away from the X-line and most detections are far away from the reconnection X-line. They also found that the observed mean field-aligned electron energies in the distant tail are lower (by about a factor of 10) than the corresponding energies observed in the near-Earth magnetotail. They suggested that this could account for the difference in the Alfvén speed in the near-Earth and the distant tail. Before 07:20 UT, P2 observed an earthward flow with bipolar signature in B z from negative (−2 nT) to positive (3 nT) during the interval of 06:58 ∼ 07:03 UT, which indicates the earthward passing of a flux rope. Meanwhile, the polar cap open magnetic field flux, psi, was still increasing slightly as shown in Fig. 2c . We suggest that magnetic reconnection of the closed field line had already taken place near P2 before 07:20 UT. The reconnection involved open field line in the lobe region soon after the time when IMF started to turn northward and psi started to decrease. The lobe reconnection X-line substantially evolved tailward. Ieda et al. (2001) studied brightenings in the polar ionosphere when plasmoids were observed in midtail. They found that the brightenings are closely related with the formation of plasmoids. However, they also mentioned that the brightenings do not always develop into global substorms. Russell (2000) suggested that when the IMF turns northward, reconnection at the distant neutral point ceases, the near-Earth reconnection reaches the tail lobes, releases the plasmoid and explosively reconnects tail field lines. Du et al. (2011b) also mentioned that if flux is added at the same rate on the dayside as it is removed on the nightside, the open-close field line boundary (OCB) remains stationary. When an active near Earth X-line (NEXL) rapidly reconnects lobe flux during an intense substorm, the nightside OCB expands poleward in the midnight region while open flux is quickly removed from the polar cap. Thus, the polar cap area shrinks. Our measurement directly shows the procedure that when IMF turned northward, the pre-existing near-Earth reconnection involved in the tail lobes and the psi dropped. Soon after the reconnection involved into tail lobes, the magnetic field of the plasmoid decoupled from the ionosphere, which was followed by the tailward retreat of the near-Earth X-line.
After 07:20 UT, P3 in the near-Earth plasma sheet observed that the total pressure increased rapidly with large amplitude fluctuations in the Pi2 frequency range. On the other hand, P1 and P2 observed that total pressure decreased at the same time in the mid-tail region. Recently Xing et al. (2010) statistically analysed the plasma sheet pressure evolution related to substorms. Their results showed that for a majority of substorm cases, the plasma pressure enhances after the onset at the earthward side of −12 R E while the plasma pressure beyond −16 R E shows a remarkable decrease near onset. Their findings are consistent with whats in this case. It is worth while to mention again that after 07:29 UT the total pressure stopped the decrease at P2 probe when P2 entered into the earthward-side outflow region, while the total pressure continued to decrease until 07:47 UT when P1 entered the earthward-side outflow region as well. We suggest that the force balance between the pressure gradient and magnetic field tension force in the X direction was broken when reconnection involved lobe field line, the earthward-side outflow region of the lobe reconnection maintained a relatively higher pressure than that at tailward side. This pressure difference might drive the lobe reconnection X-line further down tail in the absence of magnetic field tension force.
To estimate the retreat speed of the reconnection site observed by P1 and P2, we first decide the time interval between X-line crossing of P2 and P1. We take 07:26 UT as the X-line crossing time when P2 observed the northward turning of B z , and take 07:43 UT as the X-line crossing time of P1. The distance between the two satellites of P1 and P2 in the X direction was about 6.8 R E . Then we can get the retreat speed of X-line to be about 42 km s −1 . This speed is roughly the same as the retreat speed of magnetic field dipolarization (35 km s −1 ) observed by Baumjohann et al. (1999) but is rather lower than the X-line retreat speed observed by Nagata et al. (2006) .
Summary
The 9 January 2008 event described above demonstrates that during the substorm expansion phase, reconnection in closed field line had taken place somewhere in the mid-tail. When IMF turned northward, the reconnection in the mid-tail then involved tail lobe open field line and polar cap open magnetic field flux psi decreased substantially and the reconnection X-line retreated gradually tailward. Although this work provides insight into how the reconnection X-line proceeds, further detailed study is needed to get better understanding of substorm related magnetotail dynamics.
